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Executive Summary
The main purpose of this research is to reveal (1) what factors affect people’s choice of walking
or cycling, and (2) what factors encourage walkers and cyclists do so more frequently. We focus
on the effects of accessibility to multi-use paths and the clustering effect.
Accessibility to multi-use paths (MUPs) by walking or cycling is calculated for Salt Lake City,
Utah; the accessibility measure indicates the total length of multi-use paths (walkway and
bikeway) a resident could reach from the household location within a 15-min walking distance or
a 20-min cycling distance based on the average travel time from the 2012 Utah Travel Survey.
We estimate two spatial models at two levels to understand the impact of MUP accessibility and
the clustering effect (spatial autocorrelation) on people’s active travel behavior. First, a spatial
probit model is estimated to identify whether and why people walk or cycle. Second, a spatial
autoregressive model is estimated to examine what factors would encourage walkers or cyclists
to spend more time walking and cycling.
Our main methodological contribution is the consideration of all typical categories of
explanatory variables (individual and household socioeconomics, local built-environment
features, and travel and residential choice attitudes) as well as two new variables (MUP
accessibility and the clustering effect) which have often been neglected in past travel behavior
studies. Interestingly, the modeling results reveal that a resident who bikes more likely lives with
their neighbors who do not do so. Further, residents who have been cycling or walking are
likely to do so more when they see others doing so. Moreover, MUP accessibility by walking or
cycling only has an influence on those who have been walking or cycling. In other words,
residents would not necessarily cycle or walk just because they live in a neighborhood with good
accessibility to multi-use paths, implying that it is necessary to combine other non-physical
measures for the promotion of active transportation. These results suggest that decisionmakers should design and implement active transportation policies and plans differently for the
doers (walkers and cyclists) and non-doers.
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I. Introduction
In the context of transportation, the general concept of accessibility has been commonly and
consistently understood as the ability to obtain resources or participate in activities (urban
opportunities, in this research) using one or multiple transportation modes under certain
constraints (Cascetta, Cartenì, & Montanino, 2016). Among the four typical measures for
accessibility (infrastructure-based, location-based, person-based, and utility-based), the
cumulative-opportunity approach has been widely adopted in accessibility studies for its advantages
in easy operationalization, interpretation, and communication (Geurs & Van Wee, 2004). This
approach counts the total number of urban opportunities available within a spatial scale determined
by a specific travel time threshold. Our research focuses on accessibility to multi-use paths (MUPs)
based on the need to understand the linkage between active transportation and physical activities
for promoting transportation sustainability and public health.
This study operationalizes and analyzes accessibility to MUPs for Fresno, CA, motivated by the
gap in accessibility to MUP among certain social groups, such as teenagers. Following the need to
reduce this gap, from the supply perspective, Wang and Chen (2020) developed a multi-objective
optimization modeling framework to find an optimal allocation of green transportation
investments to minimize the difference in accessibility to multi-use paths, which was calculated in
Chen and Wang (2020) between economically better-off and worse-off communities in Fresno,
CA, while maximizing the total MUP accessibility across the city. However, one might argue that
these allocations should also account for users’ perception of these active transportation
infrastructures and their travel habits, which explains the background of this study from the user
side. Distinct from most past studies which focus only on the relationships between the usage of
multi-use paths (e.g., walkway and bikeway facilities) as well as the built environment features and
socioeconomics, this study is one of the limited studies to look at the association between
accessibility to active transportation networks and the usage of related infrastructure.
In addition to the impact of accessibility to MUPs, this study also focuses on investigating the
clustering effect, referred as spatial autocorrelation (SA), which is often defined as the effect
whereby someone’s behavior might be affected by their neighbors’ choices. The analysis of the
clustering effect could help decision-makers identify whether they could promote active travel
using this effect as a means of fashioning a culture (when SA is positive) of walking or cycling
(Wang, Akar, & Guldmann, 2015). It is also possible to have negative SA, which implies that
residents and their neighbors might make very different travel mode choices due to other reasons
such as using gyms for exercise instead of multi-use paths (Chen, Lindsey, & Wang, 2019).
Using the calculated accessibility to MUP by walking and cycling for Salt Lake City in Utah, using
the approach in Chen and Wang (2020), this research explores the impact of accessibility to MUP
and clustering effects (spatial autocorrelation) on people’s walking and cycling behavior at two
levels. First, a spatial probit model is estimated to investigate whether and why people walk or
cycle. Second, a spatial autoregressive model is estimated to examine what factors would encourage
existing walkers and/or cyclists to do so more (in terms of travel time). The consideration of typical
MINETA TRANSPORTATION INSTITUTE
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explanatory variables (e.g., socioeconomics, the built environment, and attitudes) together with
our two focal factors (MUP accessibility and spatial autocorrelation) in both models/levels is very
rare in the literature. The main purpose of this research is to determine whether those who do not
walk or cycle at all refrain because of the lack of accessibility to multi-use paths or because of their
negative travel attitudes toward walking or cycling; for those people who already walk or cycle, the
aim is to determine whether MUP accessibility increases their travel time spent walking or cycling.
The findings will help decision-makers better understand whether relevant strategies and policies
should focus on physical (e.g., accessibility to MUP) or non-physical components (e.g., culture
shift, attitudes towards walking and cycling), whether these strategies and plan should be designed
separately for different groups, and whether the clustering effect could be used as leverage to
encourage existing walkers and cyclists to maintain or increase their habit of active travel.
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II. Modeling Methodology
2.1 Study Region and Data
The analytical framework elaborated above is applied to data from the Salt Lake metropolitan
region in Utah, which is the largest urbanized region and the fastest-growing in this state. Figure
1 depicts the study region along with the population density in 2012 as our main dataset for
modeling is the 2012 Utah Travel Survey. This survey collected 2,825 valid individual responses
for respondents’ one-day travel activities and travel attitudes. Based on this survey, other GIS data
were assembled to calculate the built-environment variables (e.g., land use entropy, accessibility to
MUP) from the County Auditor, OpenStreetMap (OSM), and the US Census Bureau.
Figure 1. Study Region: Salt Lake City (Wasatch Front), Utah
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2.2 Variables
Table 1 summarizes the key variables used in this study’s modeling. Figures 2 and 3 display the
spatial distribution of calculated total walking and biking time in minutes as well as land use
entropy.
Table 1. Descriptive Statistics of Key Variables
Name

Description

N

Trip Variables (individual level)
any_walk_bike
Dummy variable, 1=having any walk or bike
2,825
trip during the survey day, 0=no
walk_bike_time
Total walking and biking time (minutes)
627
Socioeconomic Variables (individual and household level)
female
Dummy variable, 1=female, 0=male
2,825
age
Age of the person
2,825
hh_adults
Number of adults in the household
2,825
employed
Number of workers in the household
2,825
vehcap
Vehicle ownership per capita
2,825
num_bikes_adult
Number of bikes for adults in the household
2,825
sf
Dummy variable, 1=if the household lives in a 2,825
single-family home, 0=not
hispanic
Dummy variable, 1=Hispanic, 0=otherwise
2,825
Built Environment Variables (half-mile buffer around household location)
jobpop
Job-population balance within the buffer
2,825
entropy
Land use entropy within the buffer
2,825
pct4way
Percentage 4-way intersections within the
2,825
buffer
pctemp20mina
Percentage of regional employment within 20 2,825
minutes by car
accpath20b
Accessibility to multi-use path by biking (20
2,825
minutes)
accpath15w
Accessibility to multi-use paths by walking
2,825
(15 minutes)
accpath_wgt
Weighted accessibility with accpath20b (1/5) 2,825
and accpath15w (4/5) considering the
proportions of cyclists and walkers in the
survey

MINETA TRANSPORTATION INSTITUTE

Mean

S.D.

0.22

0.42

8.25

26.22

0.50
30.56
2.17
1.39
0.68
1.64
0.75

0.50
20.53
0.77
0.77
0.41
1.44
0.43

0.04

0.19

0.56
0.32
21.52

0.26
0.26
15.45

27.92

17.53

128.65

122.22

9.75

23.56

33.08

33.03

5

Figure 2. Distribution of Total Walking and Biking Time
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Figure 3. Distribution of Land Use Entropy

Accessibility to Multi-Use Paths
We calculate accessibilities to MUP by walking and cycling separately using the cumulativeopportunity approach adopted in a previous paper (Chen & Wang, 2020), where it is defined as
the total length (miles) of multi-use paths within a 15-min walking distance or a 20-min cycling
distance based on the average travel time from the survey. The equation is specified as follows:
#$%&_(

𝐴"

= ∑0-12 𝐿- ∗ 𝐷- ,

(1)

where
#$%&_(
l
𝐴"
: a household’s (i’s) accessibility to MUP with mode 𝑚 (walking and cycling)
l
𝐿- : length of path segment j
l
𝐷- : a dummy variable, which equals 1 if the segment j falls inside the buffer and 0 otherwise.
We then weight the calculated accessibility values using equation (1) into one accessibility value
for both modes, considering the distribution of walking and cycling in the survey:
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#$%&

𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐴"

2

#$%&_>"?"@A

= ;<= ∗ 𝐴"

C

#$%&_D$E?"@A

+ ;<= ∗ 𝐴"

.

(2)

This weighted accessibility result is mapped out in Figure 4.

Figure 4. Distribution of Weighted Accessibility

Principal Component Analysis
The survey results report responses to over 40 attitude statements to collect residents’ attitudes on
residential location selection and travel behavior. We conduct principal component analysis (PCA)
for the two datasets separately based on the two-level modeling approaches: one for all valid
respondents in the survey and the other for respondents who reported walking or biking during
the survey day. This analysis could reduce the dimensionality of those 40 statements into a smaller
number of attitudinal variables, as shown below.
We first categorize all valid respondents in the survey with the 40 attitude statements mentioned
above into the following 12 PCA results:
MINETA TRANSPORTATION INSTITUTE
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•
•
•
•
•
•
•
•
•
•
•
•

PC1: preferring an easy walk to daily living activities
PC2: preferring to use non-auto transportation modes
PC3: living in a diverse and inclusive community
PC4: preferring to live in a mixed-land-use and walkable community with good transit
access
PC5: living in a community far away from transit facilities and commercial areas
PC6: preferring a more environmentally-friendly and non-sprawling development
strategy
PC7: preferring to live in a community with easy walking access to spiritual and
educational places
PC8: living in a walkable and accessible community
PC9: preferring sustainable and “smart” urban development
PC10: negative attitude towards community development
PC11: preferring to live in a well-maintained community but away from others
PC12: living in a more suburban community.

Respondents who walked or biked are then assigned into following 11 PCs with the same set of
attitude statements:
•
•
•
•
•
•
•
•
•
•
•

PC1: preferring an easy walk to daily living activities
PC2: preferring a more environmentally-friendly and non-sprawling development
strategy
PC3: living in a mixed-land-use and walkable community with good transit access
PC4: preferring non-auto transportation modes
PC5: living in a community far away from transit facilities and commercial areas
PC6: living in a diverse and inclusive community
PC7: preferring to live in a community with easy walking access to spiritual and
educational places
PC8: preferring to live in a well-developed and accessible community but away from
others
PC9: negative attitude towards community development
PC10: preferring to use transit in a well-developed community
PC11: living in a more suburban community but preferring biking and transit more.

2.3 Spatial Modeling
Two spatial models are developed to estimate individual active travel behavior using 2012 travel
survey data collected in Salt Lake City, Utah. The first is a spatial probit model designed to
investigate the correlates of the binary choice of walking or cycling with 2,850 valid responses from
the survey. Based on the random utility theory, the probability function for this model is as follows
(LeSage & Pace, 2009):
𝑃G𝑦 = 1|𝑥# L = 𝑃(𝑈2 ≥ 𝑈P ) = 𝑃(𝑦 ∗ ≥ 0) = 𝐹G[𝐼 − 𝜌𝑊]Z2 𝛽# 𝑥# L.
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Here,
l
𝑦: chosen alternative, 𝑦=1 if walking/cycling;
l
𝑦 ∗ : latent utility, a function of a set of explanatory factors, following a truncated multivariate
normal distribution (TMVN);
l
xp : a set of explanatory factors;
l
W: spatial weight matrix;
l
βp: parameters;
l
ρ: spatial scale.
With this probability function, the formula of the spatial probit model for the choice of walking
or cycling is specified as:
𝑦 ∗ = 𝜌𝑊𝑦 ∗ + 𝛽# 𝑥# + 𝜀.
(4)
The neighbors of a respondent are identified with a set of buffers at 1/32, 1/16, and 1/8 miles to
calculate the spatial weight matrix, W. The estimation of spatial scale ρ represents the level of
spatial autocorrelation. A positive estimation of spatial scale indicates that people choose to walk
or cycle in a similar way as their neighbors as a result of the clustering effect; a negative
estimation implies the existence of a competing effect, whereby people behave in a different way
from their neighbors.
Moving on to the second level, we estimate a spatial autoregressive (SAR) model to investigate
the explanatory factors relevant to total travel time spent walking or cycling using the 22% of the
surveyed respondents (627 out of 2,850) who walked or cycled at least once during the survey
day. The estimation function for this SAR model is:
𝑔 = 𝛾𝑊𝑔 + 𝛽# 𝑥# + 𝑢

(5)

where
l
𝑔: logarithm of total walking and cycling time
l
xp : a set of explanatory factors
l
𝑊𝑔: a spatial lag term
l
βp: parameters
l
𝛾: spatial scale
l
𝑢: error term.
The buffers to identify spatial neighbors in the SAR model are created at 1/16, 1/8, 1/4, and 1/2
miles. Like ρ, the spatial scale 𝛾 indicates the spatial autocorrelation, which could be either
positive or negative. Positive spatial scale 𝛾 implies that people living a neighborhood with more
similar travel or exercise habits would walk or cycle more. Each model has a set of explanatory
variables including spatial autocorrelation, accessibility to MUP, other built-environment
features, attitudes, and socioeconomic factors.
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III. Modeling Results
Each model is run several times with different combinations of explanatory variables. As for the
first level, one spatial probit model with the 1/16-mile buffer (with better goodness-of-fit) as well
as three regular probit models (non-spatial probit) are presented in Table 2. Probit 1, which
accounts for socioeconomics and attitudes, shows that respondents who are female, young,
unemployed, and non-Hispanic are more willing to walk or bike. The attitudes categorized
through PCA suggest that respondents living in a suburban neighborhood but who reported a
preference for easy walking for daily needs during the survey time period are less willing to walk
or cycle. Probit 2 and 3 indicate that MUP accessibility is not a significant determinant of active
mode choice while controlling for socioeconomic status, attitudes, and some other built
environmental features, implying a negligible role of access to active transportation infrastructure
in influencing respondents’ choice of non-motorized modes. The spatial probit modeling results
yield negative spatial autocorrelation, suggesting that respondents who walk or cycle to participate
in activities or obtain resources tend to live in a community with people who are less likely to
choose these modes.
For the modeling at the second level, those respondents who walked or cycled during the survey
period were selected. Three OLS models and one SAR model with the 1/4-mile buffer were
estimated, with results presented in Table 3. Those respondents who are older, own more bikes,
and live in non-single-family housing walk or cycle for a greater number of minutes. The
attitudinal factors explain that respondents who favor mixed-use, walkable, and accessible
community infrastructure but live away from others tend to walk or cycle more. Regarding the
impact of accessibility to MUP, the results here are different from the probit results, with
significant and positive results in this second group of models, indicating that these active
transportation facilities play an encouraging role in promoting active travel for those people who
reported walking or cycling. The significant but negative effects of employment accessibility and
land-use diversity on active travel time seem abnormal and interesting. They could be explained
by pointing out that most of those survey respondents who reported walking or cycling for
recreational purposes live in affluent communities away from the urban center. The SAR model
reports positive and significant spatial autocorrelation, as expected. This finding of a clustering
effect provides evidence for the utility of initiating/promoting a culture of walking and cycling.
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Table 2. Binary Spatial Probit Modeling Results
Probit 1

Constant

Probit 2

Probit 3

Spatial Probit

Coeff.

z-value

Coeff.

z-value

Coeff.

z-value

Coeff.

t-value

0.507

4.640

0.648

4.530

-0.743

-4.800

-1.492

-8.037

0.125

2.220

0.125

2.217

-0.004

-2.350

-0.004

-2.435

-0.252

-5.750

-0.258

-5.929

-0.414

-4.480

-0.418

-4.624

0.092

4.580

0.090

4.597

Socioeconomic Variables (individual and household level)
female
age
employed
vehcap
num_bikes_adult
hh_adults
hispanic

0.108
0.004
0.230
0.429

1.960
2.440
5.350
4.710

0.082

4.190

0.108
0.004
0.232
0.436
0.084

1.950
2.510
5.390
4.780
4.290

0.106
0.365

2.680
2.300

0.110
0.358

2.770
2.260

0.141

3.490

0.143

3.499

-0.313

-1.930

-0.359

-2.172

0.071
0.119
0.094
0.056

4.210
6.040
4.200
1.990

0.071
0.116
0.087

4.230
5.910
3.810

-0.081
0.125
0.090

-4.710
6.210
3.820

-0.085
0.125
0.097

-4.820
6.016
4.011

-0.055

-1.940

-0.040

-1.390

-0.040

-1.369

0.045

1.530

0.042
-0.176
0.005

1.360
-1.590
2.930

0.054
-0.184
0.006

1.504
-1.598
3.010

-0.865
2664.8
7

-6.589

Attitude Variables (PCA)
PC1
PC2
PC8
PC12

Built-Environment Variables
ln(accpath_wgt)
jobpop
pct4way

Spatial Scale (ρ)
AIC
Pseudo R2
0.073
No. of observations
2775
Bold: significance at the 0.05 level.

0.074
2773
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Table 3. Spatial Autoregressive (SAR) Modeling Results
OLS 1

Constant

Coeff.

t-value

3.420

36.46
0

OLS 2
Coeff.

t-value

3.145

19.80
0

OLS 3

SAR

Coeff.

t-value

Coeff.

z-value

3.198

17.99
0

1.314

2.715

Socioeconomic Variables (individual and household level)
age
num_bikes_adult
sf

0.007
0.125
0.440

3.930
5.270
4.890

0.006
0.127
0.417

3.570
5.370
4.630

0.008
0.128
0.353

4.700 0.008
5.410 0.137
3.720 -0.296

4.708
5.957
3.191

0.149
0.153
0.063
0.101

6.490
6.350
2.210
3.500

0.145
0.173
0.066
0.104

6.330
6.710
2.310
3.600

0.148
0.142
0.051
0.098

6.360
5.150
1.780
3.370

5.764
5.265
2.146
3.202

0.086

2.150

0.093
0.005
0.008
-0.281

2.290 0.085 2.154
2.090
0.003 1.282
3.310 -0.006 2.328
-1.860 -0.074 -0.493
LR test value
18.46
0.508
4
1442.8
0.246
594

Attitude Variables (PCA)
PC3
PC5
PC8
PC9

0.132
0.141
0.059
0.091

Built-Environment Variables
ln(accpath_wgt)
pct4way
pctemp20mina
entropy

Spatial Scale (𝛾 )
AIC
Adjusted R2
0.175
No. of observations
613
Bold: significance at the 0.05 level

0.180
613
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IV. Summary and Conclusion
The decision to invest in active transportation infrastructure to promote active travel behavior
involves a complicated process requiring consideration of many different factors, including an
understanding of the public demand for active travel facilities. It is therefore necessary to
investigate this demand by accounting for all possible correlates of active mode share, particularly
the provision of active transportation facilities in terms of accessibility to MUP and the presence
or absence of a walking and cycling culture, both of which formed our focus in this research. As
one of the rare studies to include five categories of explanatory variables (individual
socioeconomics, attitudes, accessibility to multi-use paths, built-environment features, and
clustering effect) in travel behavior research, we develop two spatial models (spatial probit and
SAR) at two levels to explain what makes people walk/bike or refrain from using those modes,
whether active transportation facilities play a role in walking and cycling, and whether neighbors’
choices affect walking and cycling behavior. The models were run on data from the 2012 Utah
Travel Survey for Salt Lake City. The key findings from the models are summarized as follows.
l

l

l

l

Most typical socioeconomic characteristics (e.g., gender, age, employment, race, bike and
vehicle ownership, and number of adults in the household), attitudes towards walking and
cycling, and some built-environment features, such as street intersection and land-use diversity,
do affect people’s decisions about walking and cycling to some extent.
The current distribution of active transportation investments in terms of accessibility to multiuse paths only plays a role for walkers and cyclists. In other words, providing better MUP
accessibility will not necessarily encourage people to start walking and cycling.
Respondents’ active travel behavior is affected by their neighbors in two opposite ways. A
clustering effect exists among doers (walkers and cyclists), meaning that walkers/cyclists
increase their use of active modes when seeing more doers around in the community.
Between doers and non-doers, there are competing effects, meaning that a resident who walks
or cycles is more likely to live with neighbors who do not do so, possibly due to the lack of
trail-activity culture, the preference for using other means for exercise, trail congestion, or
different lifestyles. Specifically, a culture of cycling and/or walking does not exist among all
residents, indicating the importance of promoting such culture for sustainable transportation.

This study suggests that decision-makers need to design different active transportation strategies
to promote active travel for the two different group: doers (walkers and cyclists) and non-doers
(non-walkers and non-cyclists). Specifically, for doers, it is important to improve the existing
multi-use paths by increasing the amount of MUPs available and facilitating better connectivity as
well as creating a walking and cycling culture. For non-doers, it would be more efficient to adopt
some non-physical strategies, since the supply of physical infrastructure does not play a role in
residents’ active travel behavior and a walking or cycling culture might not exist yet.
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